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Thirteenth International Specialty Conference on Cold~Formed Steel Structures
St. Louis, Missouri U.S.A., October 17-18, 1996

FINITE ELEMENT ANALYSIS OF
HOLLOW FLANGE BEAMS WITH WEB STIFFENERS
by P. Avery and M. Mahendran*
Summary

A new cold-formed and resistance welded section known as the Hollow Flange Beam (HFB)
has been developed recently in Australia. In contrast to the common lateral torsional buckling
mode of I-beams, this unique section comprising two stiff triangular flanges and a slender
web is susceptible to a lateral distortional buckling mode of failure involving lateral
deflection, twist, and cross-section change due to web distortion. This lateral distortional
buckling behavior has been shown to cause significant reduction of the available flexural
capacity of HFBs. An investigation using finite element analyses and large scale experiments
was carried out into the use of transverse web plate stiffeners to improve the lateral buckling
capacity of HFBs. This paper presents the details of the finite element model and analytical
results. The experimental procedure and results are outlined in a companion paper at this
conference.

1. Introduction

In recent years, thin-walled cold-formed high strength steel structural members are being
widely used in various applications, including purlins, girts, portal frames and steel framed
housing. Although cold-formed members have complicated behavioral characteristics, they
are often more efficient than conventional hot-rolled steel members. One such member is the
new Hollow Flange Beam (HFB) developed by Palmer Tube Mills Pty. Ltd. in December
1993. This product is unique as it is the first cold-formed, hollow flange section to be mass
produced anywhere in the world. The HFB is manufactured from a single strip of high
strength steel (G450 steel with a minimum guaranteed yield stress of 450 MPa) using electric
resistance welding. The structural efficiency of the HFB due to the torsionally rigid closed
triangular flanges combined with economical fabrication processes was the basis of HFB
development (Dempsey, 1990, 1991). Table 1 presents the details of the geometry ofHFBs.
The HFB, dubbed the "dogbone" because of its distinctive shape, was developed primarily for
flexural applications (Dempsey, 1990, 1991, 1993, Heldt and Mahendran, 1992). However,
research has identified that the flexural capacity of the HFB is limited under certain restraint,
span and loading conditions by the lateral distortional buckling mode of failure shown in
Figure 1 (Dempsey, 1990, 1991, Dunai and Horvath, 1990). Unlike the commonly observed
lateral torsional buckling of steel beams, the lateral distortional buckling of HFBs is
characterised by simultaneous lateral deflection, twist and cross-section change due to web
distortion as seen in Figure 1.
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Table 1. Geometry ofHFB Sections
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Figure 1. Lateral Torsional and Lateral Distortional Buckling Modes
The cross-sectional distortion causes significant strength reduction~, and is particularly severe
in short to medium spans. Furthermore, because of its unique fabrication process, the HFB is
not completely compliant with either the Australian Steel Structures (AS4100) or Coldformed Steel Structures (AS1538) codes (SA, 1988, 1990). Lateral distortional buckling is
not encompassed by the design formulae contained in either of these codes, and an elastic
buckling analysis is required to determine its capacity. Therefore an investigation was
conducted to study the lateral distortional buckling behavior of HFBs and to quantify the
associated reduction in flexural strength, and to determine ways of eliminating this problem.
It is generally known that web stiffeners and batten plates increase the lateral buckling
strength of beams due to the local increment in the torsional and bending stiffnesses at the
stiffened cross-section. Past research has demonstrated the use of different type of stiffeners
(Szewczak et aI., 1983). Stiffeners have also been found to improve the buckling capacity of
members subject to distortional buckling as they act to prevent distortion by coupling the
rotational degrees of freedom of the top and bottom flanges (Akay et aI., 1977). Therefore it
"is reasonable to expect web stiffeners to reduce cross-sectional distortion of HFBs and
improve their performance. This expectation is supported by the findings of Bradford and
Trahair (1981), that a reduction in the number of cross-section degrees of freedom improves
buckling performance. Studies by Szewczak et al. (1983) and Takabatake (1988), while not
directly relevant to stiffened HFBs, indicate that stiffened beams have a higher critical
buckling load compared to unstiffened beams and that members with high relative torsional
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stiffness benefit most from the use of stiffeners. On this basis the HFB members with high
torsional stiffness were expected to benefit significantly and this investigation was aimed at
economically alleviating the lateral distortional buckling problem of HFB by the use of a
suitable type, size, location and number of web stiffeners.
For these purposes, a finite element analysis was first used to investigate the effects of a
number of parameters such as stiffener type (plate and box-stiffeners), thickness (5 to 20
mm), location (midspan, third or quarter points), number of stiffeners (both sides or one side
only of the web), stiffener welding (welded to flanges only, web only or both), type of HFB
section and span on the buckling behavior of HFBs under a uniform bending moment. The
analytical model used was validated by comparing its results with those from a finite strip
analysis and laboratory experiments. It was found that stiffening an HFB with 5 mm thick
transverse plate web stiffeners at third points of the span could effectively eliminate lateral
distortional buckling.
This paper presents the details of the finite element model used in the buckling and nonlinear
ultimate strength analyses ofthe stiffened HFBs, and the results obtained. A companion paper
(Mahendran and Avery, 1996) presents the details of the buckling experiments conducted in
relation to this study, which led to further refinements of the final web stiffener arrangement.

2. Finite Element Analysis
For this study, the finite element analysis program MSCINASTRAN (MSC, 1994) was used,
with the pre-processor MSCIXL used for model generation, and the post-processors MSC/XL
and AVS used for visualisation of results. All the computations were carried out on a
CONVEX mini-supercomputer at QUT.

2.1 Model Design and Implementation
To analyse the lateral distortional buckling behavior of the HFB, two alternatives were
available:
1. Elastic buckling analysis to determine the critical buckling load and buckled shape.
2. Non-linear static analysis (including geometric and material non-linearities) to determine
the complete load-displacement behavior, including post-buckling.
It was necessary to select elements that would model the expected primary actions of the

structure. Considerations included the following:
1. The section is subject to in-plane and bending actions, therefore the elements must be able
to represent membrane and flexural behavior.
. 2. It was known that distortion would occur, therefore the elements must allow all
distortional and local buckling effects to be considered.
3. The objective of the non-linear analysis was to investigate the lateral buckling behavior of
the HFB extending up to and beyond the ultimate load. The web and flanges were
expected to exhibit large deflections, hence the finite elements and the solution sequence
must be able to handle large displacements and elasto-plastic deformations.
4. If the model were to be three dimensional, the elements must be able to maintain rotation
and displacement continuity around the circular flange corners.
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The finite element available that satisfies all these criteria in the NASTRAN library is the
quadrilateral shell element (QUAD4). This element is flat, with 4 nodes, and 6 degrees of
freedom per node. The total stiffness matrix for this element is constructed by superimposing
the bending and membrane stiffness. In the local coordinate system the stiffness
corresponding to rotation about the normal to the element surface is assigned a small arbitrary
value by the K6ROT parameter to prevent singularities. Element size and shape was chosen
such that the aspect ratio was kept below 1:4. The element with the minimum width, located
on the flange radii, therefore limited the maximum longitudinal dimension of the elements
and forced the use of a relatively fine mesh, with a maximum longitudinal element length of
20 mm. Rectangular QUAD4 elements were used for most of the model avoiding distortions.
The stiffeners were modeled using shell elements separated from the HFB section by a small
gap and connected to the HFB mesh using a linear constraint equation. This approach
provided the greatest flexibility, for example, by deleting the constraints connecting the
stiffener to the web nodes, the model could easily be changed to represent a stiffener welded
to the flanges only. Triangular shell elements (TRIA3) were used to model the stiffeners, as
the trapezoidal shape of the stiffener forced unacceptable distortions of QUAD4 elements.
The final mesh details can be seen in Figure 3.
Preliminary investigations were confined to constant bending moment and simple supports
because this is generally the most conservative loading distribution, and the current design
charts were developed using this assumption (Dempsey et aI., 1993). This bending moment
distribution was generated using two equal point loads located outside the span, as shown in
Figure 2.

Figure 2. Loading Arrangement
Symmetry of geometry and loading about the center-plane of the span permitted modeling of
only half the beam. This reduces the size of the model and hence solution time and
computational effort. Although the cross-section was also symmetrical about its major and
minor axes, it was necessary to model the full cross-section because the buckled shape is nonsymmetrical, and the planes of symmetry move with the beam as it buckles. The support
constraints included vertical translation, lateral translation and twist. These are the conditions
assumed for the derivation of the lateral torsional buckling formula used in both AS1538 and
AS4100 (SA, 1990, 1988). The model was designed to transmit only major axis bending
from the cantilever to the simple span, with the cantilever fully restrained against lateral
deflection to prevent it from buckling. This was achieved by physically separating the
cantilever and the simple span with a very small gap, and connecting them only with a linear
constraint equation. In order to transmit only major axis bending, adjacent nodes on the
cross-sections of the cantilever and the simple span were tied together with equal z-axis
rotation (all nodes) and x-axis translation (nodes on the vertical centre-line axis only). This
model was used for the large number of parametric studies using elastic buckling analysis,
and for comparison with finite strip and theoretical solutions. However, some variations to
this model were implemented to represent the actual experimental set-up as closely as
possible. These are described by Avery and Mahendran (1996).
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Figure 3. Finite Element Mesh of the HFB Model, Stiffener mesh and
Web Distortion of Un stiffened Model
In the nonlinear ultimate strength analysis including geometric and material nonlinearities, an
initial imperfection of the beam was assumed as a linear variation in lateral displacement for
all nodes on the cross-section, varying from zero at the support to a maximum value of two
wall thicknesses at midspan. This value was recommended by Salmi and Talja (1992), which
includes manufacturing tolerances and some allowance for the effects of residual stresses.
The nonlinear model also included an allowance for stress dependent material properties,
including a stress-strain curve of G450 steel (0.2% proof stress of 480 MPa and ultimate
tensile stress of 570 MPa).

2.2 Model Validation
The convergence of the mesh was established by independently increasing the mesh density
in each part of the HFB section (top of flange, radii, flange angles and web). The model was
also analysed with increased mesh density in all parts of the section simultaneously, and with
higher order elements (QUAD8s). The accuracy of the final model was validated by:
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1. Comparison of an unstiffened model with existing solutions from a finite strip elastic
buckling program (Dempsey, 1990). The model was found to give excellent agreement
with these solutions.
2. Experimental results from the testing of unstiffened and stiffened HFBs (Mahendran and
Avery, 1996).
3. Visualisation of the deformed geometry and stress contours. An animated sequence of the
buckling was generated using the post-processor AVS and the results of a non-linear
analysis. No significant stress discontinuities across the element boundaries were
identified, and the deformation behavior conformed to the expected behavior.

2.4 Preliminary Analyses
Preliminary analyses indicated that with simple supports, the HFB exhibited no post buckling
strength for the lateral distortional buclding mode of failure, therefore elastic buckling was
deemed to be the most appropriate method of analysis. Before embarking on an extensive
parametric study using buckling analyses, a small number of preliminary analyses were
conducted to investigate the behavior of the HFB. These preliminary studies involved:
1. Establishing that significant distortion did occur in HFBs, and that this distortion did
cause a reduction in bending strength. This was done by visualisation of the results of a
buckling analysis of an unstiffened beam. It was apparent that significant distortion of the
web did occur (see Figure 3). Comparison of the lateral distortional buckling moment
with the lateral torsional buckling moment indicated that a substantial reduction of
bending strength occurred due to the distortional behavior of the section.
2. Obtaining an indication of the likely benefits of using stiffeners, and gaining some insight
into the mechanism by which the stiffener may improve the performance of the HFB.
This was achieved by analysing a single model with a transverse web plate stiffener at
midspan. This resulted in an increase of more than 10% in the elastic buckling moment
of the member. This was considered to be significant enough to warrant further
investigations. Visualisation of the stiffened HFB revealed that there was no distortion at
the stiffener location, and significantly reduced distortion elsewhere in the span.
2.5 Parametric Studies
The proposed investigation embraced a range of parameters that could influence the lateral
buckling behavior ofHFBs stiffened with web stiffeners. These parameters included:
•
Stiffener type - for example: transverse web (Rectangular Hollow Section or plate),
longitudinal box or cross stiffener, located on one or both sides of the member.
•
Stiffener size - for example: 5 mm or 10 mm plate.
•
Stiffener welding - for example: welded to flange only, welded to web only or welded to
both flange and web.
•
Stiffener spacing - for example: a single stiffener location at midspan or two stiffener
locations at the third points of the span.
•
HFB section - it was thought that stiffeners may have a different effect on each of the
various sections due to the different section properties, and particularly the web
slenderness ratios.
•
Span - it was expected that the benefit derived from stiffening the HFB would be related
to the distortional behavior, and hence be a function of the span.
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•

Bending Moment distribution - this variable was expected to be significant, but was
given the lowest priority for the current project due to time constraints. Constant
moment is generally the worst case and was therefore used for all analyses.
To investigate these parameters, a large number of analyses were required. A significant
proportion of the time required to obtain a single result is consumed in the pre-processing,
that is, the definition of the geometry, mesh, loads and constraints. A FORTRAN program
was therefore written to create an input file (.INPX) containing instructions for the preprocessor to automatically generate a model of the HFB, with variables such as the section,
span, and stiffener details specified through a screen interrogation or by providing an
information (.INFO) file. A series of batch files were created to sequentially execute this
program and the pre-processor, using the program output as input to the pre-processor. It was
therefore possible to generate a large number of models with no user input other than the
preliminary creation of the .INFO files, each containing six lines. Details of this method are
given in Avery (1994).

3. Finite Element Analysis Results and Discussion
An extensive analytical parametric study into the buckling behavior of unstiffened and

stiffened HFBs was carried out and the results are presented in this section. Effects of
stiffener type and welding, stiffener thickness, location, and number of stiffeners were
investigated using an elastic buckling analysis described in Section 2. The results obtained
for the 300 90HFB28 are presented, discussed and evaluated in the following three sections.
Results for all other section sizes are provided by Avery and Mahendran (1996).
3.1 Effect of Stiffener Type and Welding

Table 2 presents the results of the investigation into the stiffener types illustrated in Figure 4.
Box and cross stiffeners were not considered due to the complexity of fabrication. The
results shown are elastic buckling moments for a 300 90HFB28, 4.0 metre span, with 5 mm
plate stiffeners (Types A to F, see Figure 4) located at third points of the span. Stiffener
Types A and B were also modeled using a multi-point constraint (MPC), i.e. a linear
constraint equation to prevent distortion by suppressing relative rotation of the nodes at the
stiffened cross-section. The result obtained for an unstiffened (DIS) member is also shown.
Table 2. Effect of Stiffener Type
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5mm Plate, both sides.
Welded to web and
flanges

RHS, both sides.
Welded to web
and flanges.

5mm Plale, both sides.
Welded to flanges only.

5mm Plate, both sides.
Welded 10 web only.

5mm Plate, one side.
Welded to flanges
only.

Figure 4. Stiffener Configurations

The results given in Table 2 suggest that:
1. Stiffeners cannot be accurately modeled using just a linear constraint equation (MPC).
Comparison of the results from models using MPC and shell element reveals that the
major part of the strength increment (approximately 75%) is due to the local suppression
of distortion, which occurs in both models. The remainder must therefore be due to the
local increment in the section properties, particularly the torsion constant (J) and the
minor axis second moment of area (Iy)' This is obviously a function of the stiffener size
and is only modeled by the shell elements, hence the discrepancy.
2. As suggested by this finding, the rectangular hollow section (RHS) stiffener (Type B)
does not provide a significantly higher strength increment than a simple transverse web
plate stiffener. This is because the effect of a stiffener is mostly due to the constraints
provided, which are independent of the stiffener size (above a nominal value). For the
same reason the single sided fully welded stiffener (Type C) provides a similar, but
slightly less, strength increment compared to the double sided fully welded stiffener
(Type A).
3. A transverse web stiffener welded to tlle flanges only (Type D) is just as effective as a
fully welded transverse web stiffener (Type A), while a transverse web stiffener welded to
the web only (Type E) has virtually no effect. This is because the majority of the strength
increment is provided by the tying together of the rotational degrees of freedom of the
flanges, forcing the section to remain undistorted in the vicinity of the stiffener. This
constraint has a much wider zone of influence than the prevention of web distortion which
results from welding the stiffener to the web only.
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Longitudinal batten plate stiffeners located parallel to the web were not considered, as they
are not effective for the HFB. Although this stiffener type connects the flanges, it does not
have enough out-of-plane stiffness to prevent relative rotation of the flanges and hence does
not prevent distortion.
These findings suggest that a single sided transverse web stiffener of nominal size, welded to
the flanges only (Type F) may provide a strength increment only slightly less than a fully
welded two sided transverse web (Type A) or RHS stiffener. The use of such a 'minimum'
stiffener would entail significantly reduced fabrication costs. To investigate this result
further, a range of experiments were conducted, the results of which are reported in a
companion paper (Mahendran and Avery, 1996). Based on the results from the analysis and
some preliminary experiments, 5 mm transverse web plate stiffeners welded to the flanges on
both sides of tlle web (Type D) are recommended. Subsequent analyses were restricted to
this recommended configuration.
3.2 Effect of Stiffener Thickness
The critical buckling moments resulting from varying the thickness of the stiffener plate (is)
are shown in Table 3 for the 300 90HFB28 section and three different spans with Type D
stiffeners at third points of the span (a total of 4 stiffeners). As suggested in the previous
section, the section properties of the stiffener are less significant than the nature of the
constraint they provide. There is therefore little variation in the strength increment for the
members stiffened with transverse web stiffeners modeled with 5, 10, 15 and 20 mm thick
shell elements (see Table 3). The effect of stiffener thickness was found to be virtually
independent of section but was significantly greater for short spans (compare the 2000 and
6000 mm spans) and almost negligible for long spans. This is because the local increment in
the section properties influences a greater proportion of a short span than a long span. The
importance of these results is that stiffener plate thickness is not particularly significant.
Fabricators can therefore use any available scrap plate greater than a nominal 5 mm thickness.
Table 3. Effect of Stiffener Thickness
Elastic Buckling Moment (kNm)

Span (mm)
ts=Smm

t,= 10mm

ts = 15 mm

ts =20 mm

2000

120

120

122

123

4000

57.2

57.2

57.8

57.8

6000

38.0

38.1

38.2

38.3

3.3 Effect of Location and Number of Stiffeners
Figure 5 illustrates the results obtained from the analysis of the 300 90HFB28 section with 8
different spans and with Type D stiffeners at midspan (ns = 1), third points (n, = 2), and
quarter points ens = 3) and without stiffeners (ns = 0). Note that ns represents the number of
cross-sections within the span at which stiffeners are located. The number of stiffener
locations is used for comparison purposes in preference to stiffener spacing because it is nondimensional composite of the span) and the spacing and therefore allows all spans to be
directly compared. The lateral torsional buckling (LTB) moment is also provided. Figure 6
illustrates the elastic buckling moments expressed as a percentage of the lateral torsional
buckling moment (LTB).
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Figure 5. Elastic Buckling Moments (B.M.)
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Figure 6. Elastic Buckling Moments (B.M.) as a Percentage of L TB Moment
Figure 7 illustrates the design bending moments based on the elastic buckling moments
shown in Figure 5. The design moments were calculated using the procedure outlined in
AS1538 (SA, 1988). These values are compared to the design moments obtained directly
from the HFB Design Manual for unstiffened HFBs (Dempsey et al, 1993), The design
bending moments based on the lateral torsional buckling moment (LTB) are also provided.
The percentage strength increase in design strength due to stiffening is illustrated in Figure 8.
The percentage strength increase that would be achieved if the elastic buckling moment was
equal to the lateral torsional buckling moment (LTB) is also shown.
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Figure 8. Percentage Increase in Design Bending Moment (B.M.)
Figure 5 indicates that the as the number of stiffeners increases, the elastic buckling moment
of the HFB tends towards the lateral torsional buckling moment. The lateral torsional
buckling moment would be achieved if the whole section was constrained to prevent
distortion without the inclusion of any local increments in the section properties (as provided
by stiffeners). Increasing the number of stiffeners has a diminishing return, because the
lateral torsional buckling moment effectively places a ceiling on the capacity of the section.
The importance of this finding is that the use of three stiffeners does not provide a
significantly greater strength increment than is obtained from two stiffeners. Any subsequent
strength increase due to the inclusion of more than three stiffeners are due to local increments
in the section properties only, and hence will be relatively minor (as discussed previously),
and not economical. This is illustrated by the graph showing the percentage of the lateral
torsional buckling moment (Figure 6). It is clear that the greatest improvement is between the
tmstiffened and the 1 stiffener cases, with a smaller increment between 1 and 2 stiffeners, and
an almost negligible increment between 2 and 3 stiffeners.
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Figure 6 also indicates that a greater percentage of the lateral torsional buckling moment can
be achieved for longer spans. This is because the distortional effects reduce as the span
increases, and the HFB tends towards a purely lateral buckling mode. The significance of
this is shown in the graph of percentage increase in design bending strength (Figure 8). The
benefits of stiffening (in terms of bending strength) are small for the long span members
because the distortional effects are relatively small. The greatest benefit occurs for the
medium span members, because distortional effects are most significant in this range. The
design strength benefit is less for the small spans because the section capacity limits the
design strength. This yield plateau can be seen in Figure 7. However, the trends shown in
Figures 5 and 6 suggest that stiffening will provide greatest strength increases for high
strength steel.
3.4 Validation of Analytical Results
3.4.1 Comparison of Experimental and FEA Results
In order to validate the analytical results reported in Sections 3.1 to 3.3, preliminary
experiments were carried out on an unstiffened HFB arid a HFB stiffened with a Type A
stiffener. Details of these and other experiments can be found in a companion paper by
Mahendran and Avery (1996). The analytical results of the buckling and ultimate moments
and moment-deflection curves were found to agree well with the experimental data.
3.4.2 Comparison of Finite Strip Analysis and FEA Results
The unstiffened design bending moments calculated using the finite element model and the
elastic buckling solution sequence deviate by less than 2% from the HFB Design Manual
bending moments calculated using a finite strip analysis in the case of an unstiffened HFB
(see Figure 7). Assuming the latter to be accurate, this validates the convergence of the finite
element model for the elastic buckling analyses of unstiffened HFBs. Given this result and
the close comparison of both analytical and experimental results for both stiffened and
unstiffened HFBs (Mahendran and Avery, 1996), it is reasonable to extrapolate the
convergence and accuracy of the model to encompass all of the conducted analyses.
3.4.3 Comparison of Elastic Buckling and Non-linear FEA Results
The elastic buckling moments were found to be only slightly less than the non-linear ultimate
moments for both the unstiffened and stiffened cases. For example, these moments were 43.3
and 44.0 kNm for unstiffened 300 90HFB28 section, and both were the same (50.3 kNm) for
the same section stiffened with TypeC or F stiffeners (see Figure 4). This indicates that very
little or no post-buckling strength occurs for the lateral distortional buckling mode of the
HFB. However, it must be emphasized that this conclusion may only be valid for the
assumed boundary conditions.
3.5 Effect of Bending Moment Distribution
The results presented in the previous sections are only applicable to HFBs subject to constant
bending moment distributions. However, preliminary investigations indicated that stiffeners
may provide at least a similar improvement in the flexural strength of HFB members subject
to other bending moment distributions. This subject requires further investigation.
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3.6 Benefits

Due to the strength increase provided by stiffeners, an unstiffened HFB section may be able
to be replaced with a smaller, stiffened HFB section. This can result in substantial material
cost savings. Assuming two transverse web stiffeners are provided at a cost of A$20
(approximately US$16) per stiffener, and an average 97% of the lateral torsional buckling
moment is achieved, savings of up to A$60 (approximately US$48) per beam can be made.
In terms of the total cost of the beam, this is quite a significant benefit. In fact, for the longer
spans (6 to 10 metres) where close to 100% of the lateral torsional buckling moment can be
achieved, and the design curves are relatively close together, a stiffened 300 90HFB38 can be
substituted for an unstiffened 450 90HFB38. It should be noted that these substitutions are
subject to other criteria also being satisfied, such as shear and deflections. These cost
savings provide quite a significant boost to the market demand for the Hollow Flange Beam.
Stiffening the HFB allows reduced section sizes to be used. This translates to not only
material cost savings, but also a.number of other significant benefits, including:
1. Reduced weight. This reduces the dead load on a structure, and assists the speed and ease
of construction.
2. Smaller section dimensions (particularly the height). This will allow smaller floor to
floor heights in building and hence indirectly reduce other costs such as cladding.

4. Conclusions and Recommendations

From the results and discussion presented in this paper, the following conclusions can be
drawn:
1. The effects of lateral distortional buckling can be effectively and economically eliminated
in a Hollow Flange Beam by the use of transverse web stiffeners. An increase in the
design moment capacity of more than 35%, and cost saving of more than US$48 per beam
are possible for certain conditions. It is reasonable to suggest that the elimination of
similar distortional buckling modes may also be possible for other cold-formed sections,
therefore this finding may have particular long-term significance.
2. The most suitable stiffener type is the transverse web plate stiffener, of nominal thickness,
and welded at least to the flanges.
3. The buckling strength of the HFB approaches the lateral torsional buckling moment as the
number of stiffeners increases. Stiffeners located at third points of the span usually
provide an optimum compromise between the cost of fabrication and the strength
obtained (generally about 93 to 97% of the lateral torsional buckling moment).
4. The greatest percentage increase in the design bending strength of Hollow Flange Beams
due to the use of stiffeners occurs for intermediate spans (2 to 5 metres). However, the
greatest cost benefits per beam occur for long spans (5 to 10 metres) because of the
proximity of the design strength curves of the different sections.
5. The use of stiffeners allows designers to reduce the section size for a fixed load and span,
increase the spacing of fly bracing in portal frame rafters and columns, or increase the
span for a fixed load without using a larger section. The significant cost benefits obtained
suggest that the use of stiffeners may make the Hollow Flange Beam more attractive to
designers, boosting the product's potential market share.
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It is recommended that:

1. The design moments for stiffened Hollow Flange Beams shown in Figure 7 be adopted.
These design curves encompass the 300 90HFB28 section stiffened with transverse web
stiffeners at mid-, third and quarter points of the span. Similar curves for all other
sections have been produced (Avery and Mahendran, 1996).
2. The minimum stiffener configuration for the stiffening of Hollow Flange Beams should
consist of 5mm thick mild (G250) steel plate, welded at least to the flanges, and situated
on both sides of the section at third points of the span.
3. For Hollow Flange Beams with this minimum stiffener configuration, a design flexural
buckling strength equal to the design strength based on 95% of the elastic lateral torsional
buckling moment can conservatively adopted for members spanning more than three
metres and subject to constant bending moment.
4. Further research be conducted, to consider the effects of other parameters not considered
in this investigation, such as the bending moment distribution.
Note that a detailed experimental investigation of stiffened HFBs was conducted following
this FEA study, which led to further refinements to the recommended minimum stiffener
configuration. Details of this experimental investigation and results are presented in a
companion paper (Mahendran and Avery, 1996).

5. Acknowledgments
The authors would like to thank the following people: Mr. Justin Riley (QUT), Mr. Ross
Dempsey (Senior Product Development Engineer, Palmer Tube Mills Pty. Ltd.), Ms. Anca
Galatanu (QUT), Ms. Beth Addison-Smith (QUT Computing Services), and Mr. Eric Hecht
(Compumod Pty. Ltd.).

6. References
Akay, H.V., Johnson, c.P. and Will, K.M. (1977), Lateral and Local Buckling of Beams and
Frames, Journal of Structural Engineering, ASCE, Vol. 103, No. ST9, Sept., pp. 1821-1832.
Avery, P. (1994) Lateral Distortional Buckling Behaviour of Hollow Flange Beams with Web
Stiffeners, BEng Thesis, Queensland University of Technology, Australia.
Avery, P. and Mahendran, M. (1996), Finite Element Analysis of Hollow Flange Beams with
Web Stiffeners, Research Report, Queensland University of Technology.
Bradford, M.A. and Trahair, N.S. (1981), Distortional Buckling of I-Beams, Journal of
Structural Engineering, ASCE, Vol. 107, No. ST2, pp. 355-370.
Dempsey, R.I. (1991), Hollow Flange Beams: The New Alternative, Technical Presentation,
AISC,June.
Dempsey, R.I. (1990), Structural Behaviour and Design of Hollow Flange Beams, Proc. of
the Second National Structural Engineering Conference, Institution of Engineers, Australia,
Adelaide, October, pp. 327-335.

241

Dempsey, R.I. (1993), Hollow Flange Beam Member Design Manual, Palmer Tube
Technology Pty. Ltd., Australia.
Dunai, L. and Horvath, L. (1990), Ultimate Load Analysis of Beams with Hollow Flanges,
Proc. ofInt. Conference on the Stability of Steel Structures, Budapest Hungary, pp. 387-392.
Heldt, T.J. and Mahendran, M. (1992), Distortional Buckling Analysis of Hollow Flange
Beams, Research Report No. 92-8, Queensland University of Technology, March.
Mahendran, M., and Avery, P. (1996), Buckling'Experiments on Hollow Flange Beams with
Web Stiffeners, Proc. of the 13th Int. Specialty Conf. on Cold-Formed Steel Structures, St
Louis, USA.
The Macneal Schwendler Corporation (MSC) (1994) MSCINASTRAN Users' Manual, USA
Salmi, P. and Talja, A. (1992) Bending strength of Beams with Non-linear Analysis, Proc. of
the 12th Int. Specialty Conf. on Cold-Formed Steel Structures, St Louis, USA, pp.45-63.
Standards Australia (SA) (1988), Cold Formed Steel Structures, AS 1538.
Standards Australia (SA) (1990), Steel Structures, AS4100.
Szewczak, R.M., Smith, E.A. and DeWolf, IT. (1983), Beams with Torsional Stiffeners,
Journal of Structural Engineering, ASCE, Vol. 109, No.7, July, pp. 1635-1646.
Takabatake, H. (1988), Lateral Buckling of I-Beams with Web Stiffeners and Batten Plates,
International Journal of Solids Structures, Vol. 24, No. 10, pp. 1003-1019.

